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Abstract 
The aim of the current study was to describe possible histopathological lesions induced by EDTA using as chelating 
agent in prussian carp (Carassius Gibelio) species. 
80 healthy prussian carp specimens were collected from a local pond and acclimated for two weeks in laboratory 
conditions. Acclimated fish were housed in a 60 l capacity glass aquariums (20 fishes/aquarium) and divided into 
four groups: control group was maintained in EDTA-free freshwater, EDTA1 group receiving 0.05 g EDTA/l in 
water, EDTA2 group receiving 0.1g EDTA/l in water and EDTA3 group receiving 0.15 g EDTA/l in water. 
After a 21 days exposure to doses of EDTA above mentioned, some fish tissues were sampled and processed for 
microscopical examination. 
Compared to the control specimens, severe structural and functional alterations were identified in gills, liver and 
kidneys of fish exposed, including totally disorganized aspect of gill lamella with detached and dystrophic 
epithelium, intense fibrosis in the walls of arterioles, venules and gallbladder channels, denudation and necrosis 
processes of renal corpuscles respectively. 
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1. Introduction
 
 
EDTA (ethylenediaminetetraaceatic acide) is a 
chelating agent widely used in many industrial 
branches (household detergents, industrial and 
institutional detergents, photochemicals, textiles, 
pulp and paper, metal plating, cosmetic, rubber 
processing, oil production, feed and food additive 
etc.), agriculture, human and veterinary medicine 
[1, 2, 3].  
                                                 
*Corresponding author: Marioara Nicula,  
Tel: +40722276322, +40256277110,  
Email: mnicula@animalsci-tm.ro  
In aquaculture EDTA is routinely used as a broad-
spectrum “cure-all” in preventing metal toxicity to 
aquatic organisms. On the other hand, it is usually 
used to keep certain essential metals in solution 
when needed for phytoplankton culture [4] or 
removing hardness and softening the hatching 
pond water [5]. 
Despite the large number of areas where it has 
found application, EDTA itself or its metabolites 
may cause adverse effects targeting aquatic 
compartment [6, 7, 8] because major amounts of 
the applied EDTA are emitted into the wastewater 
[1]. 
Seeing that previous reports regarding tissue 
lesions caused by EDTA were focused on  
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mammalian [9, 10], we wanted to point out if 
EDTA disrupts specific cell activity in aquatic 
species namely in carp. 
 
 
 
2. Materials and methods 
 
The experiment was performed on 80 healthy 
prussian carp specimens, weighing 12-15 g were 
collected from a local pond and acclimated for 
two weeks in laboratory conditions. Acclimated 
fish were housed in a 60 l capacity glass 
aquariums (20 fishes/aquarium) and divided into 
four groups: control group was maintained in 
EDTA-free freshwater, EDTA1 group receiving 
0.05 g EDTA/l in water, EDTA2 group receiving 
0.1g EDTA/l in water and EDTA3 group 
receiving 0.15 g EDTA/l in water. They were fed 
twice a day with commercial dry pellets. 
The physico-chemical parameters of the 
laboratory water during experimental period: 
dissolved oxygen, water temperature, NO
- 2, NO
-3, 
pH, hardness of water (soft water) were daily 
measured: (water temperature and dissolved 
oxygen-movable oxygen-meter with water 
resisting microprocessor Hanna Hi 9145; pH, NO
-
2, NO
-3, hardness of water–Germany 
TERMATEST kits). 
After a 21 days exposure to doses of EDTA above 
mentioned, some fish tissues were sampled and 
processed (fixed in an ethanol solution (80
o), 
dehydrated, clarified, impregnated and embedded 
in histological paraffin) for microscopical 
examination. Five-micrometer-thick sections were 
obtained and stained by HEA or Mallory method 
for optic differentiation of tissue and cell 
structure. Microscopic analyzing was performed 
using an Olympus light microscope with 10x lens, 
40x  and 100x lens respectively and a 10x glass 
field. 
 
 
 
3. Results and discussion 
 
Histological aspects of tissues sampled from 
control group  
 
Gill. Microscopical sections performed through 
gills show the presence of gill lamellae arranged 
on the convex side of gill arches. Gill lamellae 
have numerous secondary gill lamellae lined with 
a bilayer pavimentous epithelium. A slightly 
hypertrophic blood capillary network it can 
observe in the axis of each secondary gill lamella. 
Lamellae have an uniform and compact aspect, 
and connective tissue of their axis signaling a 
large numbers of granulated or non granulated 
mast cells (Figure 1). 
 
Figure 1. Gill (HEA-40x) 
 
Intestine. Intestinal mucosa has high villi with 
rectangular aspect, lined with a monolayer 
epithelium dominated by absorptive cells, 
revealing a striate plateau at their apical pole. 
Between enterocytes, rare caliciform cells 
disposes. A rarefied leukocyte infiltration, smooth 
muscle fibers and connective cells such 
miofibroblasts in the chorionic villus are observed. 
Intestinal mucosa aspect is a normal one (Figure 
2). 
 
Figure 2. Intestine (HEA-40x) 
 
Kidney. Microscopical sections through renal 
parenchyma, reveals normal renal corpuscles and 
uriniferous tubules. Renal glomerulus and 
Bawman’s capsule compose renal corpuscles 
between the two a small capsular space detaching. 
Uriniferous tubules are lined with a cubic or 
prismatic nephrocitar epithelium, nephrocytes 
showing developed microvilli to the apical pole, 
forming a clear brush border. Peritubular capillary  
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network is highlighted. These issues suggest an 
unaltered filtering, reabsorption and secretion 
activity (Figure 3). 
 
Figure 3. Kidney (HEA-40x) 
 
Liver. Liver parenchyma is organized in uniform 
lobules, segregated each other by fine peritubular 
connective septa. Lobules are made up of Remack 
hepatocytes cords that converge to centrilobular 
vein. Microscopical study conducted with 
immersion objective (1000x) shows that 
hepatocytes are large polygonal cells with 
spherical nucleus and eucromatic, and visible 
nucleolus (Figure 4), aspect related to intensive 
metabolic activities. 
 
Figure 4. Liver (Mallory- 400x) 
 
Frequently, binucleated hepatocytes are signaled 
in liver parenchyma structure (Figure 5). Vacuolar 
appearance of cytoplasm of these cells is due to 
accumulation of the large amounts of fat droplets. 
Sinusoid capillaries with content are arranged to 
vascular pole of hepatocytes. 
 
Muscle. Skeletal muscle bundles separated by 
perimysium are observed on cross section, where 
lax connective tissue rich in collagen fibers, 
fibroblasts, arterial capillaries and venules are 
visible (Figure 6). 
 
Figure 5. Liver (Mallory- 1000x) 
 
Figure 6. Muscle (HEA-40x) 
 
Histological aspects of tissues sampled from 
experimental group E1 
 
Gill. Microscopical analysis of sections made 
through gills of group E1 shows the presence of 
gill blades of which gill lamellae are 
perpendicularly detached and lined with a bilayer 
pavimentous epithelium. A vascular network 
consists of capillaries with a normal aspect and 
slightly ectasiated to the apex level in the axial 
portion of each lamella is observed. 
Desepithelization processes are signaled on small 
areas (Figure 7), but without EDTA incrimination. 
 
Figure 7. Gill (HEA-40x) 
 
Intestine. Intestinal villi of group E1 have an 
uniform aspect, being lined with a prismatic 
monolayer epithelium and a large number of  
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goblet cells. At the top of villi, desepithelization 
processes and sometimes even denudation of 
mucosa are observed. Presence of the muscle 
bundles and a rich leukocyte infiltration is 
distinguished in the lax connective tissue of the 
chorionic villus (Figure 8).  
 
Figure 8. Intestine (HEA-40x) 
Kidney. Cross sections through uriniferous tubules 
reveals the presence of nephrocytes, showing a 
highly developed brush border at their apical pole, 
a process linked to the involvement of these cells 
in the reabsorption processes. Arterial capillaries 
are peritubularly observed (Figure 9). 
 
Figure 9. Kidney (HEA-100x) 
Liver. Histological aspect of liver is a normal one 
being similarly to that of control group specimens. 
 
Muscle. Muscle fibers have generally a normal 
appearance, they are cylindrical, multinucleated 
and contractile apparatus with striations aspect, 
given by alternative presence of dark and clear 
discs of myofibrils structure. Both endomysium 
and perimysium are large, consist of lax 
connective tissue, highlighting the blood 
capillaries presence (Figure 10). 
 
Figure 10. Muscle (HEA-40x) 
 
Histological aspect of tissue sampled from 
experimental group E2 
 
Gill. Gill lamellae have an uniform appearance. 
Light desepithelizations and abundant lymphocyte 
infiltration on small areas is generally remarked 
(Figure 11). 
 
 
Figure 11. Gill (HEA-40x) 
 
Intestine. Microscopical images show 
hidroprotidic dystrophy as a consequence of 
cellular ionic inbalance morphologically 
characterized by cytoplasmic vacuolations (Figure 
12). Leukocyte infiltrations are present in villous 
and basal chorion. Large numbers of goblet cells 
among absorptive cells arise in villous epithelium. 
 
 
Figure 12. Intestine (HEA-10x) 
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Kidney sections belong to group E2 reveal renal 
corpuscles exhibiting denudation and necrosis 
processes on restricted territories. Frequently 
peritubular edema due to the detachment of 
nephrocyte epithelium from basal membrane at 
uriniferous tubules level; these will leads at a time 
to cell atrophy processes (Figure 13). 
 
Figure 13. Kidney (HEA-100) 
 
Liver and muscle are normal aspect, similar to the 
situation encountered in groups C and E1. 
 
Histological aspect of tissue sampled from 
experimental group E3 
 
Gills. Gill tissue belong to individuals of group E3 
shows in some areas, totally disorganized gill 
lamellae, and their lining epithelium is detached 
and dystrophic. In the connective tissue of gill 
blades and gill lamellae signaled a rich lympho-
leukocyte infiltration. Also, gill lamellae have on 
large surface an uniform appearance, being lined 
with a bilayer epithelium; lympho-plasmocitar 
infiltration and easily ectasiated blood capillaries 
in the axial connective tissue occur (Figure 14). 
 
Figure 14. Gill (HEA-10x) 
 
Intestine and kidney in group E3 behave 
histologically identical to the situation seen in 
specimens of group E2. 
 
Liver. Liver sections in the group E3 show slightly 
hypertrophic hepatocytes with slightly granular 
and vacuolated cytoplasm. On small areas, 
dystrophic fields appear. Nuclei are willing central 
or totally eccentric. Sinusoid capillary between 
hepatocyte cords are ectasiated, have content, and 
their wall is slightly fibrosed. But intense fibrosis 
is observed in the walls of arterioles, venules and 
gallbladder channels (Figure 15). 
 
Figure 15. Liver (HEA-100x) 
 
Part of liver and kidney tissue injuries found in the 
experimental group E2 and E3 are earlier reported 
by Wagdy et al. study [9] in male rats. 
 
Muscle. Muscle bundles are composed of long 
cylindrical multinucleated muscle fibers, wrapped 
in endomysium, highlighting the blood capillaries 
presence. Striated myofibrils suffering mild 
myolysis processes are observed at contractile 
apparatus level (Figure 16). 
 
Figure 16. Muscle (HEA-40x) 
 
 
4. Conclusions 
 
1. Compared to the control specimens severe 
structural and functional alterations were 
identified in gills, liver and kidneys of fish 
exposed. 
2. Severity of these abnormal changes was 
influenced by EDTA dose: mild and moderate  
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inEDTA1- and EDTA2- fish exposed, the most 
affected being EDTA3-fish exposed. 
3. The major histological changes identified in 
exposed specimens included totally disorganized 
aspect of gill lamella with detached and dystrophic 
epithelium, intense fibrosis in the walls of 
arterioles, venules and gallbladder channels, 
processes of denudation and necrosis of renal 
corpuscles respectively. 
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